Abstract Problem solving has been a major theme in Japanese mathematics curricula for nearly 50 years. Numerous teacher reference books and lesson plans using problem solving have been published since the 1960s. Government-authorized mathematics textbooks for elementary grades, published by six private companies, have had more and more problem solving over the years. As a result, almost every chapter in Japanese mathematics textbooks for elementary grades begins with problem solving as a way to introduce students to new concepts and to introduce new procedures. But a large wave of teacher retirement in recent years has left newly hired teachers without the collegial support they need to develop the expertise to teach through problem solving. In order to overcome this challenge, the latest edition of a major mathematics textbook series in Japan includes more resources to help teachers teach through problem solving and to help students learn through problem solving. The book contains more alternative approaches to a problem, provides diagrams meant to help students solve problems independently, and includes pages that teach students how to take notes effectively. By comparing the latest two editions of this textbook series, the author will highlight how the text has increased its support of problem solving, and will relate the changes to recent trends of Japanese mathematics textbook designs.
Emphasis on Problem Solving in Japanese Mathematics Education and Its Impacts
Problem solving has been a major focus in Japanese mathematics curricula for nearly half a century. Numerous teacher reference books and lesson plans using problem solving have been published since the 1960s. By early 1990s approaches for teaching mathematics using problem solving had been established among Japanese elementary school teachers.
There are several notable characteristics of the mathematics classroom instruction focused on problem solving in Japan. First, Japanese teachers have tried to use problem solving for students to develop concepts and understanding of mathematics, and acquire skills to learn and use mathematics. Therefore problem solving is not viewed as an end-of-the-chapter activity that is solely focused on developing problem-solving skills and strategies. Instead, the approach has been used throughout the curriculum as a process of learning mathematics. Second, Japanese problem solving lessons usually do not end even after each student finds a solution(s) to the problem. Japanese teachers facilitate extensive discussions with students by comparing and highlighting the similarities and differences among students' solution approaches in order for students to learn something new. Japanese teachers believe that the heart of the lesson begins after students come up with a solution(s).
As teaching though problem solving gradually spread to more schools and districts in Japan, Japanese textbooks began to include ideas from the study of teaching through problem solving. For example, textbooks included open-ended questions for guiding students to develop understandings, instead of explanations of the concepts and the procedures. Watanabe (1) examined some of the pages from 1958, 1968, 1977, 1989, 1999 , and 2008 editions of Japanese elementary mathematics textbooks and found that the editions after 1989 shared some similarities that are distinct from the previous three editions. These similarities include:  The opening problems in the units appear on the right-hand page of the book and only the problem is on the initial page, and the following page includes multiple approaches to the problem solution and suggestions by cartoonlike characters, moving away from providing clear explanations of the concepts and procedures to expecting the students to investigate mathematics using their own reasoning based on their prior learning.
These differences before and after 1989 editions appear to be in alignment with the implementation of teaching through problem solving approach. By early 1990s almost every chapter in Government-authorized mathematics textbooks for elementary grades, published by six private companies, began with problem solving as a way to introduce students to new concepts, and even to procedures (2) (3) (4) .
In summary, the classroom instruction of Japanese mathematics classrooms at least in elementary grades have gradually shifted to teaching through problem solving decades ago and the government authorized textbooks also shifted to support teachers and students to use problem solving as a major approach for teaching and learning mathematics.
Current Issues in Teaching Mathematics in Japan
Although the successful shift to teaching through problem solving during 1980s to 1990s, and Stigler and Hiebert argued that Japanese mathematics classrooms exemplify the ideas of reform mathematics classrooms (3), current Japanese novice teachers have two major challenges to teach mathematics using teaching through problem solving; one is adequate knowledge for teaching the contents, and another is the lack of collegial support by experienced teachers.
The Ministry of Education, Culture, Sports, and Technology released the 2008 Course of Study (COS), the national curriculum, in response to concerns about declining mathematics achievement due to a severe reduction in the content and number of class periods in the 1998 revision. The 2008 COS re-aligned itself to the content and the number of class periods of the 1989 COS. This change requires an additional 20% of mathematics content in grades 1-6. This content increase mostly impacts teachers with less than 10 years of teaching experience. For those teachers who previously taught according to the 1989 COS, this change presented little challenge because the new contents were mostly taught under the 1989 COS. On the other hand, younger teachers see this revision as an overwhelming increase to their workload and it includes some mathematics they may never have taught before.
Another challenge is due to a large wave of teacher retirement in recent years. Based on a Ministry report (2013), Japanese elementary schools have been experiencing a radical demographic transition. Moreover, it is expected that about 37% of elementary school teachers will be at the retirement age of 60 years in the next ten years.
This recent change in the schools has left newly hired teachers without the collegial support of experienced teachers necessary to develop skills needed to teach through problem solving.
In addition to the above major challenges, the 2008 COS increased the emphasis on mathematical processes such as thinking mathematically and expressing thoughts and ideas using mathematical representations such as diagrams and equations. In order to address these new concepts, all classroom teachers are expected to regularly provide each student with opportunities to think mathematically and to express their own thoughts.
In order to implement the new COS, Japanese teachers, especially those who have had less than 10 years of experience, need to consider not only how the amount of content has changed but also how to design lessons that will push all students to think mathematically and to communicate their ideas in such a way as to learn multiple ways of thinking mathematically. 
The Textbook Updates
In order to overcome the above challenges, the latest edition of a major mathematics textbook series in includes more resources to assist teachers in their instruction via problem solving and to help students to learn through problem solving. The book-series contains more alternative approaches for solving a problem, provides diagrams meant to help students solve problems independently, and includes separate pages that teach students how to take notes effectively.
The following section will highlight how the text has increased its support of problem solving, and relate the changes to recent trends of Japanese mathematics textbook design by comparing the latest two editions of the best-selling elementary mathematics textbook series-the 2006 edition and the 2011 edition.
In order to highlight such changes, pages using similar problems have been compared. The problems are typical of those found in Japanese mathematics textbooks for 4th grade; they are presented to students who have learned the formulas for finding the area of rectangles and squares. (See Figure 2  and 3) The objective is for students to understand how they might use formulas, which they have learned previously, to find the area of unfamiliar shapes. In order to use their prior knowledge to find the area of these new shapes, the students should use strategies like area-preserving transformations (cutting and re-arranging) or area-doubling transformations (copying and re-arranging). Thus, the teachers should be able to use this problem to help students learn general strategies for using previously-learned area formulas to find the area of unfamiliar shapes (5) .
Although both pages are designed for teachers to introduce the strategies to use the area formulas though problem solving and use very similar problems, the contents of the pages are very different. For example, the total number of pages that are assigned for a particular concept varies. The 2006 edition uses only one page including two exercise problems. On the other hand, the 2011 edition uses three pages, page B25, B26, and B27 with one exercise problem. Although both editions expect teachers to use the pages for one 45-minute-lesson, the contents in the 2011 edition include more directions and diagrams. For example, the 2006 edition includes only two major directions: 1) Write the ways to find the area using the following diagrams. 2) Calculate the area in several ways.
It is clear that these directions are asking students to find the area of the shape in several different ways. These key directions may be enough for experienced teachers to facilitate a fruitful discussion in order to support students in accomplishing the goals of the lesson. However, novice teachers may have difficulty in teaching through problem solving and could end up using more teacher-centered approaches such as teaching-by-telling (2). On the other hand, the 2011 edition includes following five directions: 1) Write down the way you thought about doing it using pictures and math sentences. 2) Write down the way you thought about doing it using pictures and math sentences.
3) Look at the math sentence Takumi wrote and explain how he thought about the problem. 4) Look at the math sentence Yumi wrote on the next page and explain how she thought about the problem. 5) What idea is common among the three students?
Different from the directions in the 2006 edition, these include what students can do by looking at other approaches for finding the area of the same shape. In order to do so, the textbook pages include more diagrams and/or equations of alternative approaches.
